Background: Controversy persists about whether certain antidepressants reduce tamoxifen's effectiveness on lowering breast cancer recurrence. We investigated whether taking tamoxifen and antidepressants (in particular, paroxetine) concomitantly is associated with an increased risk of recurrence or contralateral breast cancer.
article
Molecular studies suggest that certain antidepressants may interfere with tamoxifen's effectiveness (5) (6) (7) (8) (9) . Selective serotonin reuptake inhibitor (SSRI) antidepressants, particularly paroxetine, are powerful inhibitors of cytochrome P450 (CYP) 2D6, an enzyme system that metabolizes tamoxifen into its active form. The US Food and Drug Administration subsequently imposed a black box warning on tamoxifen not to prescribe any SSRIs concurrently with tamoxifen (10-11).
However, sparse clinical evidence exists that SSRIs diminish tamoxifen's effectiveness and no study to date has comprehensively measured antidepressant use (12) (13) (14) , although one study examined the association of breast cancer mortality with antidepressants (15) . Our objective was to determine whether concomitant tamoxifen and antidepressant use among women diagnosed with a first primary early-stage breast cancer is associated with an increased risk of subsequent breast cancer.
Methods

Data Sources and Setting
This study was conducted at Kaiser Permanente Southern (KPSC) and Northern California (KPNC), two health plans that comprise nearly 40 hospitals, 14 000 physicians, and over seven million members. Data elements were captured from the electronic health records, census, and State of California mortality files. Pathology reports and the health plans' National Cancer Institute Surveillance, Epidemiology, and End Results-affiliated tumor registries were used to identify breast cancer outcomes. The institutional review boards of all study sites approved this study.
Patients and Design
Using a retrospective cohort design, we identified 19 877 women in the tumor registries who were diagnosed with a first primary early-stage breast cancer (American Joint Committee on Cancer TNM stage 0-II) (16) between January 1, 1996 and December 31, 2007. All women were age 18 years or older at diagnosis, had estrogen or progesterone receptor-positive tumors, complete pharmacy benefits, and were treated with tamoxifen for at least six months. We excluded women with a prior history of any invasive cancer (n = 2782) and women with bilateral breast cancer and/or bilateral breast mastectomy (n = 150), recurrent ipsilateral breast cancer (n = 21), or second nonbreast primaries (n = 37) within six months of their initial breast cancer diagnosis. The final cohort consisted of 16 887 breast cancer survivors.
Subsequent Breast Cancer Identification
Patients were followed-up until December 31, 2009. The main outcome was subsequent breast cancer defined as recurrences in the same breast, metastases, or contralateral breast cancer that occurred at least six months after initial breast cancer surgery. Contralateral breast cancers were identified from the tumor registries, and included noninvasive or invasive cancers. Recurrences included lesions occurring in the ipsilateral breast, with or without spread to regional areas (eg, nearby axillary lymph nodes), or distant metastasis.
Recurrences were identified through manual review of all available pathology reports (two-thirds of the cohort) and by electronic health records to identify utilization patterns and diagnoses indicative of recurrence or metastases when pathology reports were unavailable. Our hybrid approach of manually reviewing pathology text supplemented with an automated data algorithm that examined encounter, procedure, and clinical codes indicative of subsequent breast cancer was validated and yielded robust test characteristics (sensitivity = 96.9%; specificity = 92.4%). Our hybrid approach to identifying subsequent breast cancer has been described (17) .
Pharmacy Exposures
All medications were extracted from computerized pharmacy dispensings. The main independent variable was the percent of tamoxifen-prescribed days when antidepressants (paroxetine, fluoxetine, other SSRIs, tricyclics, and other classes) were also prescribed. For the percent overlap calculation, the numerator was the number of days antidepressants and tamoxifen were coprescribed; the denominator was the number of days tamoxifen was prescribed. Both the numerator and denominator were calculated every three months through the end of follow-up; the calculation was a running average of all past use up to that time point. We calculated the percent overlap every three months because a single day increment is clinically negligible. This percent was entered as a continuous variable in the multivariable models.
For non-antidepressant users (ie, tamoxifen only), the percent overlap was set to 0%. Other covariate medications examined in the multivariable models included aromatase inhibitors, antipsychotic drugs, antihypertensives, other potential CYP2D6 drug inhibitors (eg, amniodarone, celecoxib, chloroquinone, cimetidine, haloperidol, propranolol), bisphosphonates, and oral adjuvant chemotherapy, which were also treated as timedependent variables. We also ascertained history of oral contraceptive use and hormonal replacement therapy up to five years prior to the initial breast cancer diagnosis (yes/no). For all oral covariate medications, women had to have used the drug for at least six months to be considered exposed.
Covariate Characteristics
Tumor characteristics (hormone receptor status, stage, grade, histology), breast cancer surgery (mastectomy, lumpectomy), chemotherapy (yes, no), and radiotherapy (yes, no) were obtained from the tumor registries. Race/ethnicity, covariate medications, comorbidity status one year prior to diagnosis, and overall healthcare utilization were collected from electronic health records. Geocoded neighborhood income and education were based on California's 2000 census (18) .
Statistical Analysis
Differences in sociodemographics, tumor characteristics, cancer treatments, healthcare utilization, and other covariates by antidepressant use were examined by comparing frequency distributions and χ 2 or Fisher exact tests (P values were two-sided). Covariate medications were also summarized by two time periods based on the initial breast cancer diagnosis: 1) before initial breast cancer diagnosis and 2) between initial diagnosis and one of the study's endpoints.
Women were followed-up from initial breast cancer diagnosis until the date of subsequent breast cancer diagnosis, health plan disenrollment, death, or December 31, 2009, whichever occurred first. Hazard ratios (HRs) and 95% confidence intervals (CIs) were estimated with Cox proportional hazard regression models using time-varying medication variables (19) . These models included cumulative tamoxifen duration and the interaction of tamoxifen duration with the main exposure variable, ie, the percent of concomitant antidepressant and tamoxifen use. Both tamoxifen duration and the percent overlap were treated as continuous time-dependent variables. When a patient stopped taking tamoxifen, the percent overlap was carried forward with the most recent value to their study endpoint. Because one day of overlap is not clinically meaningful, the hazard ratios were presented for 25%, 50%, and 75% overlap, similar to a previously published article (15) .
Hazard ratios in the Cox model were adjusted for aromatase inhibitor use, bisphosphonates, and the other aforementioned covariates that were deemed important in the bivariate analyses, ie, if the dropping the variable changed the effect measure by 10% or more (20) . The proportional hazards assumption was tested via graphic plots and Schoenfeld residuals. Interactions with time were further checked for this assumption. We also calculated crude annualized rates of subsequent breast cancer for non-antidepressant users (tamoxifen only) and antidepressant users (paroxetine). We used SAS 9.3 (SAS Institute, Cary, NC).
To determine if medication adherence affected our findings, we repeated the analyses on a subset of women who had a medication possession ratio (MPR) for tamoxifen of at least 80%, a recognized level that suggests fairly continuous medication usage (21) . The MPR was calculated as the number of days supplied (excluding last refill) divided by the number of days between first and last dispense dates (21) . All statistical tests were two-sided, and a P value of less than .05 was considered statistically significant.
Nested Case-Control Analysis
To explore potential unmeasured confounding and effect modification, we conducted a nested case-control study to abstract additional covariates from medical charts. A total of 250 case patients and 250 matched control patients were chart-reviewed. The covariates included family history of breast cancer in a first-degree relative, history of mammographically dense breasts or atypical hyperplasia, menopause status, smoking, body mass index (BMI), and alcohol history. Control patients included women who were alive on the date of the matched case patient's subsequent breast cancer diagnosis date and who did not develop the outcome in the same interval. We matched women based on age at original diagnosis (+/-1 year) and stage. In this subset, we fit additional proportional hazards models to explore the impact of these variables on the association. We checked the model's assumptions using the same technique as described for the full cohort data.
Results
The cohort of 16 887 early-stage breast cancer survivors treated with tamoxifen was followed a maximum of 14 years (median = 6.0 years). Overall, the median tamoxifen duration was 2.7 years (interquartile range [IQR] = 1.2-4.6 years). Nearly half (48.0%, n = 8089) were prescribed antidepressants ( Figure 1 ). The median days overlap of antidepressant and tamoxifen use was 144 days (IQR = 31-609 days). Many women (23.0%) switched antidepressants over time. Including both exclusive and nonexclusive users, fluoxetine was the most commonly used SSRI (3361 women or 19.9%), while paroxetine was used by 1784 (10.6%) women.
Comparison of Patients by Antidepressant Use
Demographic characteristics and healthcare utilization by initial antidepressant use categories are displayed in Table 1 . The racial/ethnic diversity of the cohort was similar to the distribution in the general southern California population. Median follow-up length was higher in the antidepressant group (6.7 years) than among nonusers (5.2 years). The fraction of death was greater in antidepressant users (10.1%) than in nonusers (6.9%), though disenrollment from the health plan was lower in antidepressant users (15.1% vs 17.4%) (data not shown). Because we captured antidepressant use through the end of the study December 2009, the use of antidepressants appeared lowest in recently diagnosed patients (eg, 2006-2007) . Overall, office visits and hospitalization in the year prior to the initial breast cancer diagnosis was higher in antidepressant users (P < .01 for both) ( Table 1) . Roughly 65% of the cohort had no comorbidity. However, antidepressant users were more likely to have a comorbid condition.
Tumor characteristics and treatments did not vary substantially by antidepressant prescription ( Table 2 ). The distribution of histology, grade, tumor size, lymph node status, estrogen receptor/progesterone receptor positivity, and human epidermal growth factor receptor 2 negativity varied little by antidepressant use status. The same was true for first course of cancer treatment (breast-conserving surgery or mastectomy with or with adjuvant radiation). Breast-conserving surgery with radiation was the most common treatment (42.0% both groups). article Similarly, there was no difference in chemotherapy use (37.0% in both groups).
Subsequent Breast Cancer According to Antidepressant Use
Of the 16 887 women, 2946 women (17.4%) developed subsequent breast cancer over the 14-year follow-up: 2512 (14.9%) were recurrences and 434 (2.5%) were contralateral breast cancer. We did not find a statistically significant effect on subsequent breast cancer with any antidepressant use in the multivariable Cox regression models (Table 3) . None of the adjusted hazard ratios of subsequent breast cancer corresponding with a 25%, 50%, and 75% overlap of concomitant antidepressant and tamoxifen use (one to five years) demonstrated a statistically significant effect. For paroxetine, with 25%, 50%, and 75% of concomitant use during the first year of tamoxifen treatment we found hazard ratios of 1.06 (95% CI = 0.98 to 1.14, P = .09), 1.13 (95% CI = 0.98 to 1.30, P = .09), and 1.20 (95% CI = 0.97 to 1.49, P = .09), respectively. Furthermore, the hazard ratios decreased over time. For example, the estimated hazard ratios for paroxetine were all less than 1.00 for 25%, 50%, and 75% overlap when tamoxifen duration was five years (25%: HR = 0.94, 95% CI = 0.81 to 1.10, P = .46; 50%: HR = 0.89, 95% CI = 0.66 to 1.20, P = .46; 75%: HR = 0.85, 95% CI = 0.54 to 1.32, P = .46). However, the pattern was not statistically significant (P interaction of overlap*duration = .18). For the other antidepressant classes, we again found no statistically significant associations (Table 3) . For example, the hazard ratios for fluoxetine, other SSRIs, tricyclics, and other types of antidepressants for each year of tamoxifen treatment generally paralleled the results of paroxetine, with all confidence intervals crossing the null. Additionally, in a sensitivity analysis excluding stage 0 (ductal carcinoma in situ [DCIS]) patients, we again found similar hazard ratios to that of the full cohort.
In Figure 2 , we translated the overall hazard ratios into absolute rates to address clinical significance if the hazard ratios had been statistically significant. Given that paroxetine came the closest to statistical significance in our study, we compared the annualized rates of subsequent breast cancer among women who concomitantly used the two drugs vs antidepressant nonusers for each year of tamoxifen therapy. Among those with 25% overlap, Figure 2 shows that the annualized rates of subsequent breast cancer were similar among paroxetine users who used tamoxifen concomitantly vs nonusers of antidepressants. For example, for one year of 25% of days overlap of tamoxifen and paroxetine, we found the non-statistically significant hazard ratio of 1.06 (95% CI = 0.98 to 1.14, P = .09) for subsequent breast cancer corresponded to an annualized rate of developing subsequent breast cancer of 15.20/1000 PY for paroxetine users and 14.40/1000 PY for non-antidepressant users. Similarly, with five years of tamoxifen the rate of developing subsequent breast cancer was 9.20/1000 PY for paroxetine users and 9.60/1000 PY in antidepressant nonusers, corresponding with a hazard ratio of 0.94 (95% CI = 0.81 to 1.10, P = .46). Among those with 50% and 75% overlap, we again found no difference in the annualized rates among women who used the two medications concurrently. The annualized crude rates in patients who used tamoxifen at least four years appears higher than those who used three years possibly because those who completed four years of tamoxifen treatment survived long enough to develop a recurrence.
In sensitivity analysis, we further examined this association in a subset of women with high tamoxifen adherence (MPR ≥ 80% for tamoxifen, n = 12 076). We again found no association among women who used paroxetine concurrently with tamoxifen (Supplementary Materials, available online).
In other sensitivity analyses, we examined the effect of any SSRIs combined vs no antidepressants. In these analyses, the risk of subsequent breast cancer was similar to those who used tamoxifen alone, with a hazard ratio close to 1.00 regardless of duration. Greater risk of subsequent breast cancer was associated with grade 3 cancers (HR = 1.50, 95% CI = 1.26 to 1.80, P < .001 vs grade 0), LCIS histology (HR = 4.04, 95% CI = 1.21 to 13.52. P = .02 vs DCIS), positive lymph nodes (HR = 1.51, 95% CI = 1.34 to 1.70, P < .001 vs negative lymph nodes), and African American race/ethnicity (HR = 1.28, 95% CI = 1.12 to 1.46, P < .001 vs white). Those who were not exposed to aromatase inhibitors had increased risk of subsequent breast cancer (HR = 1.33, 95% CI = 1.16 to 1.53, P < .001) (data not shown). 
Nested Case-Control Analysis
To test the robustness of our main findings, we examined the subset of women in the nested case-control study (250 case patients and 250 matched control patients). This analysis also accounted for a number of reproductive covariates (menopause, parity, depression, vasomotor symptoms, family history of breast cancer, history of dense breast, BMI, and lifestyle variables (smoking and alcohol use history) that could only be ascertained from paper medical charts. In the nested analysis, the hazard ratios of subsequent breast cancer and use of tamoxifen concurrently with paroxetine were similar to the hazard ratios of the full cohort. Hence, the addition of the eight covariates did not improve model's goodness of fit (P = .30) (data not shown).
Discussion
In a study of 16 887 breast cancer survivors followed a maximum of 14 years, we found no statistically increased risk of subsequent breast cancer associated with concomitant antidepressant and tamoxifen use. This was true regardless of type of antidepressant used, including paroxetine and other SSRIs. We used comprehensive pharmacy and electronic medical record databases and were unlikely to miss either antidepressant use or breast cancer outcomes. Adjustments for additional reproductive and lifestyle confounders in the nested case-control analysis did not affect our results. Even if hazard ratios had been statistically significant, the point estimate of the absolute effect would be relatively small for a common amount of overlap for tamoxifen and antidepressant use. Prior in vitro studies argue that CYP2D6 inhibitors, such as the SSRI antidepressant paroxetine, should not be coprescribed with tamoxifen. However, laboratory-based studies have limited applicability to clinical decision-making (7-10), and two small epidemiologic studies demonstrated mixed results (12) (13) (14) . Based on our clinical study, our results do not support routine pharmacogenetic testing for CYP2D6. Kelley and colleagues determined that breast cancer mortality was associated with concomitant tamoxifen and paroxetine use; however, their study lacked stage data and, therefore, might have included patients with late-stage disease, which might have overestimated the association (15) .
Our study has several key advantages. Patient follow-up was long-term. We captured day-by-day medication use, examined medications as time-dependent variables to address survivor bias and drug switching, and considered a comprehensive list of covariates. We confirmed the majority of the outcomes via chart reviews while remaining outcomes were identified through the tumor registry or a robust computerized algorithm (16).
The racially diverse cohort and numbers of outcomes (nearly 3000) and those exposed to antidepressants (nearly 8500) all enhance the clinical inference.
Certain limitations must be considered. Although we could not capture the indication for antidepressants, confounding by indication is unlikely to have affected our main effect estimates as the results of the nested case-control study (in which we captured several key covariates) provided similar results. It is possible that women prescribed antidepressants were at lower risk of subsequent breast cancer because they were more proactive in seeking care. This could bias our findings towards a nonassociation. However, to address this concern, we accounted for cancer stage at initial diagnosis, treatments, comorbidities, and other health care utilization factors. Importantly, the eligibility criteria included women who had pharmacy benefits, underwent breast-conserving surgery, and were estrogen-positive or progesterone-positive. These strategies ensured similar risk profiles and minimized confounding. We acknowledge missing values for some tumor characteristics; however, the overall fractions of missing data were small and equally distributed between antidepressant users and nonusers. We also could not examine the SSRI venlafaxine specifically because the fraction of only users was so small (<1%). The short median duration of tamoxifen and its overlap days with antidepressants might have contributed to the lack of an association. Finally, although we adjusted for other CYP2D6 inhibitors, future larger studies can determine if concomitant use of any CYP2D6 inhibitor with tamoxifen is associated with recurrence.
Although postmenopausal women are increasingly being treated with aromatase inhibitors as first-line therapy, tamoxifen is a mainstay for premenopausal women and, therefore, the clinical question about the safety of tamoxifen and antidepressant use remains. Using one of the most complete pharmacy databases of insured patients, our data does not suggest statistically significantly increased risk of subsequent breast cancer in women who concurrently used tamoxifen and antidepressants, including paroxetine. Information about the safety of using antidepressants concurrently with tamoxifen will help improve the quality of life of breast cancer survivors given that thousands of survivors struggle with depression, sleep disturbance, and vasomotor symptoms while on tamoxifen treatment (1).
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